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FOREWORD 


'^'he  purpose  of  this  report  is  to  document  two  of  the  dynamic  viscoelastic 
properties  (shear  modulus  and  loss  factor)  of  viscoelastic  rubber  blends.  They  are 
detennined  as  a  function  of  frequency  and  temperature.  Applying  the  time- 
lemnerature  superposition  principle  to  the  data,  master  curves  are  constructed  and 
W'lliams-Landel-Ferry  (WLF)  shift  constants  are  determined. 

This  work  was  done  during  FY89-90  with  funds  and  materials  provided  by 
David  Taylor  Research  Center  (Code  1908),  Bethesda,  Maryland. 


Approved  by: 

CARL  E.  MUELLER,  Head 
Materials  Division 
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INTRODUCTION 


In  support  of  the  underwater  warfare  program  of  the  United  States  Navy,  the 
Naval  Surface  Warfare  Center  (NAVSWC),  White  Oak  Laboratory,  has  conducted  a 
research  and  development  program  for  the  formulation  and  characterization  of  polymers 
suited  to  undersea  system  applications.  Over  a  period  of  time,  formulations  of 
innovative  polymers  have  been  undertaken,  ana  the  fundamental  viscoelastic  properties 
of  these  materials  have  been  measured.l-5  To  date  the  polymer  formulations  and 
measurement  efforts  have  been  applied  to  natural  and  synthetic  rubbers,  urethanes  and 
silicones.  This  report  provides  the  formulation  specifications  and  the  results  of 
measurements  made  on  six  different  neoprene-natural  rubber  blends. 

The  formulation  and  mixing  of  each  of  the  six  different  blends  followed  a  specific 
sequence  to  ascertain  if  there  were  differences  in  rheolomc  properties  which  could  be 
traced  to  the  actual  process  of  the  mixing  and  curing  of  uie  rubber  compound.  The 
neoprene-natural  rubber  blends  discussed  in  this  report  were  compounded  by  Burks 
Industries.  San  Jose,  California. 

Both  static  and  dynamic  property  measurements  were  made  on  the  rubber 
samples.  The  static  measurements  included: 

•  Specific  gravity 

•  Young’s  modulus  at  various  elongations 

•  Tensile  strength 

•  Elongation  at  break,  and 

•  Hardness 


D;^'namic  mechanical  measurements  were  performed  using  a  Polymer  Laboratories 
Dynamic  Mechanical  Thermal  Analyzer  to  obtain  the  damping  factor  (tan  6)  and  the 
dynamic  storage  modulus  (E')  of  the  materials.  The  automated  measurement  technique 
produced  a  set  of  data  over  a  temperature  range  of  -70  to  +  30  degrees  centiOTade  at 
discrete  frequencies  between  1  and  30  hertz.  From  the  resulting  data,  the  glass 
transition  and  the  Williams-Landel-Ferry  (WLF)  equation  constants  of  the  polynier 
samples  were  estimated. 


Section  2  of  this  report  provides  a  detailed  description  of  the  sample  formulations. 
Section  3  provides  a  synopsis  of  the  dynamic  measurement  technique  and  the  resulting 
measurements. 
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RUBBER  BLEND  FORMULATIONS  AND  THEIR  BASIC  RHEOLOGIC 

CHARACTERISTICS 


Among  the  polymers  investigated  by  the  NAVSWC  research  staff  are  samples 
prepared  from  blends  of  natural  and  neoprene  rubber.  The  six  samples  discussed  herein 
were  made  with  different  portions  of  natural  and  neoprene  rubber  and  with  different 
blending  procedures.  Table  1  provides  a  summary  of  the  ingredients  by  weight, 
constituting  the  various  samples. 

Each  of  the  final  blends  listed  in  Table  1  was  prepared  from  intermediate  mixes  of 
the  primary  ingredients.  Then  the  zinc  oxide,  Santocure  NS,  and  sulfur  were  added  to 
intermediate  mixes  to  arrive  at  the  sample  specifications  listed  in  Table  1. 


In  preparin 
neoprene  were  a 
where  the  M  on 


.  I  samples  9107, 9108,  and  9109,  both  the  natural  rubber  and  the 
dded  together  to  produce  the  intermediate  mixes  shown  in  Table  2, 
the  batcn  identification  number  indicates  an  intermediate  formulation. 


After  these  intermediate  mixes  were  prepared,  the  final  blends  were  obtained  by 
adding  the  zinc  oxide,  Santocure,  and  sulfur  to  achieve  the  composition  by  weight  given 
in  Table  1  for  samples  9107, 9108,  and  9109. 

Preparation  ofsamples  9110, 9111,  and  91 12  had  another  variation  in  the 
formulation  process.  For  these  samples,  the  intermediate  polymers  listed  in  Table  3 
'vere  prepared.  These  intermediate  polymers  differed  in  neoprene  and  natural  rubber 
>  orient.  The  intermed’'^*.e  polymers  labeled  witli  an  A  contained  only  neoprene  and  no 
.  il  n  bber,  while  the  polymers  labeled  with  a  B  contained  only  natural  rubber  and 
:io  aeoprenv .  Appropriate  portions  of  each  of  these  intermediate  polymers  were  blended 
to  obtain  the  final  sample  formulations  provided  in  Table  1  for  samples  91 10, 9111,  and 
9112. 


All  of  the  blends  listed  in  Table  1  were  cured  at  a  temperature  of  160  degrees 
centigrade  for  a  period  of  12  minutes. 

Burke  Industrie.s,  the  compounder  of  these  neoprene-natural  rubber  blends, 
performed  measuren  entsof  some  of  the  samples’  fundamental  properties.  The  results  on 
three  different  speeinens  of  each  blended  polymer  are  listed  in  Table  4.  The  values 
listed  in  Table  4  are  the  mean  values  obtained  from  tb^  three  specimens  of  each  blend. 

Figures  1  and  2,  pages  7  and  8,  provide  a  plot  of  the  average  values  of  these 
properties  versus  the  ratio  of  neoprene  to  natural  rubber  in  each  blend.  There  it  is  seen 
that  each  of  the  properties  is  essentially  a  linear  function  of  this  ratio. 
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RESULTS  OF  DYNAMIC  MECHANICAL  MEASUREMENTS 


The  dynamic  mechanical  properties  of  the  six  natural  neoprene  rubber  samples 
were  measured  using  the  Dynamic  Mechanical  Thermal  Analyzer  (DMT A) 
manufactured  by  Ponrmer  Laboratories,  Ltd.,  of  Shropshire,  England.  The  DMTA 
applies  a  sinusoidal  force  to  a  "clamped  beam*’  sample  of  the  material  under  test  and 
measures  the  amplitude  and  phase  of  the  resulting  strain.  The  temperature  of  the 
sample  and  the  frequency  of  me  applied  force  are  varied  to  obtain  data  for  a 
predetermined  set  of  temperatures  and  frequencies.  The  principles  of  operation  of  the 
DMTA  apparatus  are  presented  and  discussed  by  Dlubac,  et.  al.6 

The  results  of  calculations  involving  the  experimental  data  depend  significantly 
upon  the  actual  configuration  of  the  sample  under  measurement.  Of  particular 
importance  are  the  leng^,  width,  and  thickness  of  the  samples  as  clamped  in  the 
apparatus.  Table  5  provides  the  specifications  of  the  configurations  of  tne  samples  as 
tested. 

-What  about,  ‘Table  5  provides  the  configuration  specifications  of  the  samples  tested."? 

The  NAVSWC  DMTA  apparatus  is  connected  to  a  Hewlett-Packard  Model  9816 
minicomputer  which  automatically  collects  the  data  from  the  DMTA.  The  resulting  data 
is  both  stored  and  plotted  as  graphs  of  modulus  E*  and  Ian  6  versus  temperature  ana 
fremiency.  From  tne  collected  and  displayed  data,  the  glass  transition  temperature  and 
WLF  coefficients  of  the  samples  are  estimated. 

Figures  3  Uirough  14  provide  a  display  of  the  data  collected  by  the  DMTA  Hewlett- 
Packard  test  apparatus.  Figures  3, 5, 7, 9, 11,  and  13  present  plots  of  measured  storage 
modulus  E'  and  loss  factor  tan  6  as  a  function  of  temperature  for  four  discrete 
frequencies.  Figures  4,  6, 8. 10. 12,  and  14  provide  plots  of  the  resulting  time- 
temperature  shifted  curves  and  log  tan  6  versus  frequency  for  each  of  the  samples. 

Table  6  provides  the  estimates  of  the  glass  transition  temperature  and  the  WLF 
coefficients  oi  the  six  samples.  For  this  report  the  glass  transition  temperature  was 
taken  as  the  point,  on  the  log  E'  versus  temperature  graph,  at  which  the  modulus 
becomes  frequency  independent^  that  is,  the  temperature  where  the  four  difierent 
frequency  curves  overlap.  The  plots  of  modulus  E*  versus  temperature  show  the  expected 
shining  of  the  glass  transition  temperature  as  a  function  of  the  relative  portions  of 
neoprene  and  natural  rubber.  In  all  cases  the  estimated  transition  temperatures  are 
between  -70  and  -50  degrees  centigrade. 

The  WLF  coefficients  were  interactively  determined  by  choosing  values  of  the 
coefficients  which  provided  the  visual  best  fit  of  the  various  sections  of  the  plot  of  the 
Young's  modulus  versus  log  frequency.  Figures  2, 4, 6, 8, 10, 12,  and  14  are  the  result  of 
tills  interactive  procedure  for  determining  the  WLF  coefficients.  The  reference 
temperature  for  all  cases  was  10  degrees  centigrade. 
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CONCLUSIONS 


Th  ”  results  of  the  static  measurements  show  that  there  is  no  discernible  effect  on 
static  rheologic  properties  due  to  intermediate  steps  in  the  compounding  of  the  neoprene- 
natural  blends.  The  static  measurements  of  specinc  gravity  and  the  mrauli  of  the 
samples  show  a  simple  linear  relation  with  the  ratio  of  neoprene  to  natural  rubber  in  the 
sample.  These  static  properties  are  not  dependent  upon  whether  the  polymers  are  mixed 
separately  in  intermediate  batches  or  are  mixed  together  in  a  one-step  process. 

Similarly,  the  dynamic  measurement  of  the  viscoelastic  properties  of  the  samples 
showed  ^ere  are  no  temperature  shifts  due  to  the  i^lymer  mixing  procedures. 
Comparison  of  Figure  3  with  Figure  11,  Figure  5  with  Figure  9,  snd  Figure  7  with 
Figure  13,  shows  that  those  polymer  samples,  mixed  as  intermediate  batches,  have 
curves  which  are  nearly  identical  in  amplitude  and  shape. 

Examination  cf  the  loss  factor,  tan  5,  as  a  function  of  temperature,  shows  that  the 
neoprene-natural  rubber  blends  exhibit  the  bimodal  shape  expected  of  two  immiscible 
polymers.  Distinct  transition  temperatures  for  each  of  the  constituent  polymers  occurs 
m  the  vicinity  of  -50  degrees  centigrade  and  -20  degrees  centigrade  on  all  of  the  samples 
tested.  There  is  no  large  shift  of  the  two  peaks  toward  each  other  nor  formation  of  a 
single  transition  peak  as  might  be  expected  if  the  two  polymers  were  miscible  or 
completely  mixed. 
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FIGURK  I  SAMH.K  SPECIFIC  VERSUS  NEOPRENE  NAITJRAI. 
RlfUlER  RATIO 
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FIGURt:  2  SAMPLE  MODULUS  VERSUS  NfXlPRENK  N  ATUR/\l. 
RUBBER  RATIO  FOR  DIFFERENT  ELONGATIONS 


imple  Numben  9107 
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FIGURE  3.  LOG  E’  AND  TAN  (6)  VERSUS  TEMPERATURE  AT  VARIOUS  FREQUENCIES 
FOR  SAMPLE  9107 
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FIGURE  4.  LOG  YOUNG’S  MODULUS  AND  LOG  LOSS  FACTOR  VERSUS  FREQUENCY 
FOR  SAMPLE  9107 


Sample  Number:  9108 
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FIGURE  6.  LOG  YOUNG'S  MODULUS  AND  LOG  LOSS  FACTOR  VERSUS  FREQUENCY 
FOR  SAMPLE  9108 
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Log  Frequency  (Hz) 

FIGURE  8.  LOG  YOUNG'S  MODULUS  AND  LOG  LOSS  FACTOR  VERSUS  FREQUENCY 
FOR  SAMPLE  9109 


Sample  Number.  9110 
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FIGURE  9.  LOG  E*  AND  TAN  (6)  VERSUS  TEMPERATURE  AT  VARIOUS  FREQUENCIES 
VARIOUS  FREQUENCIES  FOR  SAMPLE  91 10 


pie  Number:  9110 
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Log  Frequency  (Hz) 

FIGURE  10.  LOG  YOUNG’S  MODULUS  AND  LOG  LOSS  FACTOR  VERSUS  FREQUENCY 
FOR  SAMPLE  9110 


Sample  Number:  9111 
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Temperature  (deg  C) 

FIGURE  1 1 .  LOG  E'  AND  TAN  (5)  VERSUS  TEMPERATURE  AT  VARIOUS  FREQUENCIES 
FOR  SAMPLE  91 11 


Sample  Number;  9111 


FIGURE  12.  LOG  YOUNG’S  MODULUS  AND  LOG  LOSS  FACTOR  VERSUS  FREQUENCY 
FOR  SAMPLE  91 11 
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Temperature  (deg  C) 

FIGURE  13.  L0GE*ANDTAN(6)  VERSUS  TEMPERATURE  AT  VARIOUS  FREQUENCIES 
FOR  SAMPLE  9112 


Number:  9112 
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FIGURE  14.  LOO  YOUNG’S  MODULUS  AND  LOG  LOSS  FACTOR  VERSUS  FREQUENCY 
FOR  SAMPLE  91 12 
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TABLE  1.  FRACTIONAL  COMPOSITION  OF  SAMPLES 
(parts  by  weight) 


Sample  Identification  Number 

1 _ 

Ingredients 

9107 

9108 

9109 

9110 

9111 

9112 

NPX6398 

75 

50 

25 

60 

75 

25 

SMR-20 

25 

50 

75 

60 

25 

76 

Structx)!  40ins 

1.923 

1.929 

1.939 

1.929 

1.923 

1.942 

Scorchguard  0 

1.442 

1.447 

1.454 

1.447 

1.442 

1.456 

Santoflex  0 

1.923 

1.929 

1.93S 

1.929 

1.923 

1.942 

Flectol  Flakes 

0.962 

0.965 

0.969 

0.965 

0.962 

0.971 

FEF  Black 

50 

50 

50 

50 

50 

50 

Zinc  Oxide 

3.045 

3.055 

3.069 

3.055 

3.045 

3.074 

SanU>cureNS 

0.481 

0.965 

1.454 

0.965 

0.481 

1.456 

Sulfur 

0.321 

0  643 

0.969 

0.643 

0.321 

0.971 

TABLE  2  INTERMEDIATE  BATCH  COMPOSITION  FOR 
SAMF^LES  9107-9109  (parts  by  weight) 


Ingredients 

Intermediate  Batch  Compoaitian 

9107-M 

9I08-M 

9109-M 

NPX6398 

75 

50 

25 

SMR-20 

25 

50 

75 

Slructol  40ms 

2 

2 

2 

Scorchguard  O 

14 

14 

1.4 

Santoflex  0 

2 

2 

2 

Flectol  Flakes 

1 

1 

1 

FEF  Block 

50 

50 

50 

Tola! 

166  4 

156.4 

156.4 
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TABLE  3.  INTERMEDIATE  BATCH  COMPOSITION  FOR  SAMPLES  91 1-112 

(parts  by  weight) 

Intermediate  Batch  Number 


Ingredients 

91 10- A 

9110-B 

9111-A 

9111-B 

9112-A 

0112-B 

NPX6398 

100 

0 

100 

0 

100 

0 

SMR-20 

0 

100 

0 

100 

1 

100 

Structol  40ms 

2 

2 

2 

2 

2 

2 

Scorchguard  0 

1.4 

1.4 

1.4 

1.4 

1.4 

1.4 

Santoflex  0 

2 

2 

2 

'2  ! 

2 

2 

Flectel  Flakes 

1 

1 

1 

1 

1 

1 

1 

1 

FEF  Black 

50 

50 

50  ' 

50 

50 

50 

Total 

1564 

156.4 

156.4 

156.4 

156.4 

156.4 

TABLE  4.  RHEOLOGIC  PROPERTIES  OF  SAMPLES 
(mean  values  from  three  specimens  of  each  blond) 


Property 

Sample  Identification  Number 

. . . .  . . 

9107 

9108 

3109 

9110 

9111 

9112 

1  31 

1  24 

1  17 

1  23 

1  32 

1.17 

Specimen  Thkkncss  (mib) 

96 

100 

90 

89 

B2 

89 

Modulus  100%  (psi) 

636 

485 

342 

450 

591 

350 

Modulus  200%  (psi) 

1590 

1278 

930 

931 

1633 

1089 

Modulus  300%  (psi) 

2480 

2160 

1714 

2130 

2503 

1931 

Tensile  Strength  (psi) 

3040 

3071 

3102 

3343 

Elongation  at  Break 

370 

470 

460 

430 

400 

470 

I>uromclcr  Hardness,  Shore 

71 

69 

66 

65 

72 

65 
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TABLE  5.  DIMEiNSIONS  OF  SAMPLES  USED  IN  DMTA  APPARATUS 


Dimension 

Sample  Identification  Number 

S107 

9108 

9109 

9110 

9111 

9112 

Width  (m) 

0.01281 

0.01323 

0.01328 

0.01234 

0.01284 

0.01219 

Length  (m) 

0.01 

0.01 

0.01 

0.01 

0.01 

0.01 

ThickneijS  (m) 

0.0235 

0.0248 

0.0242 

0.0236 

0.0207 

0.0236 

TABLE  6.  ESTIMATED  GLASS  TRANSITION  TEMPERATURES  AND 
WLF  COEFFICIENTS  FOR  SIX  NEOPRENE-NATURAL 
RUBBER BLENDS 


Property 

Sample  Identification  Number 

9107 

9108 

9109 

9110 

9111 

9112 

Ratio  oi  Neoprene-Natural 
Rubber 

3 

1 

0.33 

1 

3 

0.33 

Glass  transition  temperature 
(degrees  centigrade) 

-55 

-60 

-60 

-60 

-60 

-60 

— ^ - 1 

Williems'Landel-Ferry  1 

Coefficient  Cl  ' 

17 

30 

! 

30 

30 

20 

30 

Williams- Landel-Ferry 
Coefficient  C2 

61 

90 

90 

90 

60 

90 

21/22 


NAVSWCTR  90-450 


REFERENCES 


1 .  Madigosky ,  W.  and  Lee,  G.,  Dynamic  Viscqe^stic  Properties  of  Materials  for 
Underwater  Acoustics  Applications.  NSWC  TR  78-138. 1979. 

2.  Lee,  G.,  Madigosky,  W.,  and  Eynck,  J.,  Dynamic  Viscodastic  Properties  of 
Materials  for  Underwater  Acoustic  Applications.  Part  II.  NSWC  TR  80-361. 
Aug  1980. 

3.  Robert,  D.  and  Madigosky,  W.,  Dyadic  Yiscoda^stic  Properties  of  Materials  for 
Underwater  Acoustic  Applications,  t^artin.  NSWC  80-425.  Sep  1980. 

4.  Madigosky.  W.  and  Satinover.  F..  Dyn^ic  Viscoelastic  Properties  of  Materials 
for  Underwater  Acoustic  Applications.  ParttV.  NSWC  TR  83-248. 1984. 

5.  Madigosky,  W.,  Dynamic  Viscoelastic  Properties  for  Acoustic  Applications. 
Party.  NSWC  TR  86-62, 1986. 


6.  Dlubae,  James  J.,  Lee,  Gilbert  F.,  Duffy,  James  V.,  Deigan,  Richard  I.,  and 
Lee,  John  D.,  “Comparison  of  the  Complex  Dynamic  Modulus  as  Measured  by 
Three  Apparatus,”  Sound  and  Vibration  Damping  with  Polymers,  Robert  D. 
Corsaro  and  L.  H.  Sperling,  Eds.,  CS  Symposium  Series  424,  American  Chemical 
Society,  Washing^n,  DC,  1990,  pp.  51-62. 


7.  Sperling,  L.  H.,  "Basic  Viscoelastic  Definitions  and  Concepts,”  Sound  and 

Vibration  Damping  with  Polymers,  Robert  D.  Corsaro  and  L.  H.  Sperling,  Eds., 
CS  Symposium  Series  424,  American  Chemical  Society,  Washington,  DC,  1990, 

pp.  18-20. 


23/24 


NAVSWCTR  90-450 


DISTRIBUTION 


Copies 

Commander 

Naval  Sea  Systems  Command 

Attn:  Code55W  (J.Keggler)  1 

Washington,  DC  20362 

Commanding  Officer 

Naval  Research  Laboratory 

Attn:  Code  5135  (R.  Corsaro)  1 

4555  Overlook  Avenue,  S.W. 

Washington,  DC  20375 

Commander 

Naval  Underwater  Systems  Center 


Attn:  Code  332  (R.  Radlinksi)  1 

Code  2133  (Roger  Maple)  1 

Code  2141  (S,  Austin)  1 

Technical  Library  1 

New  London  Laboratory 
New  London,  CT  06320 


Commander 

David  Taylor  Research  Center 
Attn:  Code  1908 

(S.  McKeon)  1 

(J.  Dlubac)  1 

Technical  Library  1 

Bethesda,  MD  200S4 

Commender 

David  Taylor  Ship  Research  and 
Development  Center 

Alin:  Code  2842  (A.  Santiago)  1 

Technical  Library  1 

Annapolis  Laboratory 
Annapolis,  MD  *  402 

Commander 

Naval  Ocean  Systems  Center 

Attn:  Library  1 

San  Diego,  CA  92152 


Copies 

Commander 

Naval  Coastal  Systems  Center 

Attn:  Technical  Library  1 

Panama  City,  FL  32407 

Commanding  Officer 

Mare  Island  Naval  Shipyard 

Attn:  Code  134.04  (B.  Jan)  1 

Ship  Silencing  Branch 

Vallejo,  CA  94592 

Commanding  Officer 
Underwater  Sound  Reference 
Division 

Attn:  Code  5995 

(Dr.  R.  N,  Capps)  1 

Technical  Library  1 

Orlando,  FL  32806 


Office  of  the  Chief  of 
Naval  Research 

Attn:  ONR-1131  (R.  Pohanka)  1 

ONR-n32SM 

(Y.  R^apekse)  1 

(Albert  Tucker)  1 

(Stephen  Newfield)  1 

ONT-225  (W.T.Messick)  1 

800  No.  Quincy  Street 
Arlington,  VA  22217-5000 


Wright  Laboratory 
Attn:  WL/FIBC 

(Dr.  D.  Jones)  1 

(Dr.  L.  Rogers,  1 

Wright-Patterson  AFB 
OH  46433 


(1) 


NAVSWCTR  90-450 


DISTRIBUTION  (Cont) 


Copies  Copies 


Air  Force  Institute  of  Technology 

Materials  Research  Center 

Attn;  AFIT/ENY 

Lehigh  University 

(Lt.Col.  R.  Bagely) 

1  Attn:  Dr.  L.  Sperling 

1 

Wright-Patterson  AFB 

Whitaker  Laboratory  #5 

OH  46433 

Bethlehem,  PA  18016 

eSA  Engineering,  Inc. 

Library  of  Congress 

Attn:  B.  R.  Allen 

1  Attn;  Gift  &  Exchange  Division 

4 

660  San  Antonio  Road,  Suite  101 

Palo  Alto.  CA  94306 

Washington,  DC  20540 

Defense  Technical  Information 

Bolt,  Beranek,  and  Newman,  Inc. 

Center 

Attn:  Dr.  E.  M.  Kerwin 

1  Cameron  Station 

10  Moulton  Street 

Cambridge,  MA  02238 

Alexandria,  VA  22304-6145 

Internal  Distribution: 

12 

E.  I.  DuPont 

E231 

3 

Attn:  R.  W.  Megill 

1  E232 

2 

6  Polaris  Drive 

E35 

1 

Newark,  DE  19711 

R 

1 

R30 

2 

Anatol  Corporation 

R31 

1 

r\.  ly. 

1  R31  (W.  Madigosky) 

4 

10895  Indeco  Drive 

Cincinnati,  OH  45241 

R31  (K.  Scharnhorst) 

1 

Vector  Research  Company^  Inc. 

Attn:  Dr.  W.  Reader 

6903  Rockledge  Drive,  Suite  1200 
BetheBda,MD  20817 

General  Dynamics/Eastern 

1 

Point  Road 

Electric  Boat  Division 

Attn:  J.  Krause  1 

Groton,  Cl'  06340 

The  Pennsylvania  State  University 
Applied  Research  Laboratory 
Attn;  Library  1 

P.O.  Box  30 

State  College,  PA  16804 


(2) 


REPORT  DOCUMENTATION  PAGE 


FormApprovtd 
0MB  No.  0704-C1B8 


Public  reporting  burden  for  thii  coliection  of  Information  eitimeted  to  average  1  hour  per  refponte.  including  the  time  for  reviewing  irmruaiom,  searching  existing  data 
sources^  gathering  and  malnuining  the  dau  needed,  and  completing  and  reviewing  the  collection  of  information  Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information.  Including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  information  Operatlom  and 
Reports,  121$  Jefferson  Davis  Highway.  Suite  i2b4.  Arlington,  VA  22202>4302.  and  to  the  Office  of  Management  and  Budget,  Papenvorfc  Reduction  Project  (0;04-01M}. 
Washington,  DC  20SO3. 


1 .  AGENCY  USE  ONLY  (Leave  blank)  2.  REPORT  DATE 

30  September  1990 


4.  TITLE  AND  SUBTITLE 

Dynamic  Viscoelastic  Properties  of  Selected  Natural-Neoprene 
Rubber  Blends 


6.  AUTHORS) 

Dr.  Walter  M.  Madigosky 


7.  PERFORMING  ORGANIZATION  NAME(S)  AND  AOORESS(ES) 

Naval  Surface  Warfare  Center 
White  Oak  Laboratory  (Code  R31) 

10901  New  Hampshire  Avenue 
Silver  Spring,  MD  20903-5000 


9.  SPONSORING/MONITORING  AGENCY  NAME(S)  AND  ADORESS(ES) 

David  Taylor  Research  Center 
Attn:  Code  1908 
Bethesda,  MD  20084 


3.  REPORT  TYPE  AND  DATES  COVERED 

FY  1989-1990 


5.  FUNDING  numbers 


6456IN 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


NAVSWC  TR  90-450 


10.  SPONSORING/MONITORING 
AGENCY  REPORT  NUMBER 


12a.  OISTRIBUTION/AVAILABILITV  STATEMENT 


12b.  DISTRIBUTION  CODE 


Approved  for  public  release;  distribution  is  unlimited. 


13.  ABSTRACT  (Maximum  200  wotds) 


This  report  provides  the  results  of  measuring  the  various  viscoelastic  properties  of  specially 
formulated  natural-neoprene  rubber  samples.  Each  sample  is  described  in  terms  of  its  unique 
formulation,  resulting  specific  gravity.  Young’s  modulus,  tensile  strength,  hardness,  glass  transition 
temperature,  and  Williams- Landel-Ferry  coefficients. 


14.  SUBJEa  TERMS 
rubber 


rubber  blends 


natural-neoprene 


15.  NUMBER  OF  PAGES 

33 


viscoelastic 

16.  P«CI  CODE 

17.  SECURITY  CUSSIFtCATION 
OF  REPORT 

UNCLASSIFIED 

18.  SECURITY  CLASSIFICATION 
Of  THIS  PAGE 

UNCLASSIFIED 

19.  SECURITY  CLASSIFICATION 
Of  ABSTRAa 

UNCLASSIFIED 

20.  LIMITATION  Of 

ABSTRAa 

SAR 

